Bronchogenic carcinoma is the leading cause of cancer related death in Western countries. When a diagnosis of lung cancer is made, staging and restaging are important to determine prognosis and to decide on subsequent therapeutic strategies. Concerning staging of mediastinal lymph nodes in non-small cell lung cancer, a positive result of a noninvasive procedure should be histologically or cytologically confirmed. Minimally invasive techniques are complementary to surgical invasive staging techniques with a high specificity but low negative predictive value. Therefore, an invasive surgical technique is indicated if they yield negative results. If needle aspiration is positive, this result may be valid as proof for N2 or N3 disease. Restaging in non-small cell lung cancer remains a controversial issue. Downstaging of mediastinal lymph nodes determines survival in stage IIIA-B non-small cell lung cancer. Different restaging techniques (noninvasive, minimally invasive and invasive) do exist and the level of concurrent use still has to be further explored. At this moment, minimally invasive techniques are especially useful for primary staging. Mediastinoscopy and repeat mediastinoscopy provide the largest tissue samples. Although remediastinoscopy is technically difficult, it remains of utmost importance as part of the restaging process. For thoracic surgeons having no experience with repeat mediastinoscopy, an alternative approach consists of the initial use of a minimally invasive staging procedure to obtain cytological proof of mediastinal nodal involvement. After induction therapy, patients are subsequently restaged by mediastinoscopy. In this way, a technically more demanding remediastinoscopy can be avoided.
ARTICLE
Lung cancer is the leading cause of cancer related mortality worldwide. It is classified according to histological type. Non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) are by far the most prevalent types of lung cancer, accounting for approximately 95% of all bronchogenic carcinomas. There are several subtypes of NSCLC. The three most frequent subtypes of NSCLC are adenocarcinoma, squamous cell carcinoma and large cell carcinoma. Nowadays adenocarcinoma is the most common histological type of lung cancer (1, 2) (Table 1) .
When a diagnosis of lung cancer is made, staging is important to determine prognosis. Next to evaluating the primary tumor, the extent of spread to thoracic and extrathoracic organs determines resectability. Staging of NSCLC is equally important to define treatment options and prognosis. TNM staging is based on the characteristics of the primary tumor (T), the degree of lymph node involvement (N) and the presence or absence of metastasis (M). The combination of T, N and M descriptors are then used to give the tumor an overall stage (I-IV), with the aim of grouping patients into stages with similar prognoses. Treatment options also vary from stage to stage.
When there are no distant metastases, prognosis of a patient with lung cancer mainly depends on locoregional lymph node involvement. In patients with lung cancer, ipsilateral hilar or intrapulmonary lymph node metastases (N1) adversely affect the patient's prognosis but do not generally prohibit resectability.
Stage I-II disease is mostly treated with surgery and adjuvant chemotherapy when the tumor is >4 cm or when N1 nodes are involved.
Preoperatively documented involvement of N2 mediastinal lymph nodes is an ominous sign for prognosis and is in most centers a contraindication for upfront surgery. Pathological staging remains the gold standard in quantifying the extent of disease. Stage IIIA comprises locoregional disease and is usually treated by sequential or concurrent chemoradiation or induction chemotherapy and/or radiotherapy, followed by surgery if there is proof of mediastinal downstaging. Nowadays, reasonable survival rates have been reported in patients with N2 NSCLC, and therefore patients with limited N2 disease in whom downstaging is obtained after induction therapy, may be surgical candidates. Stage IIIB (N3 involvement) and IV almost never meet the criteria for surgery and are usually treated by chemo-and/or radiotherapy and supportive care (3) . According to the revised TNM staging system for NSCLC, 5-year survival rates for the newly defined clinical stages are: IA 50%, IB 46%, IIA 36%, IIB 26%, IIIA 19%, IIIB 7%, and IV 2%. The corresponding 5-year survival rates for their pathologic counterparts are: IA 73%, IB 58%, IIA 46%, IIB 36%, IIIA 24%, IIIB 9%, and IV 13% (4).
Staging NSCLC
Concerning computed tomography (CT), the only useful criterion to assess malignancy is size. Nodes that have a short axis diameter greater than 1 cm on CT are considered abnormal. The positive and negative predictive value (PPV and NPV) in primary staging of mediastinal lymph nodes on CT are 56% and 83%, respectively (5) .
Fluorodeoxyglucose positron emission tomography (FDG-PET) is more accurate than CT for staging mediastinal nodes as it is dependent not only on size but also on metabolic activity. Reported NPV for FDG-PET is 93%, although PPV was only 79% (6) . In that way, a positive FDG-PET would still require tissue confirmation of lymph node metastasis. Tissue will remain the issue for still a considerable period of time as FDG-PET avidity shows metabolic function not exclusively for malignancies alone. Combining FDG-PET and CT is better than CT or PET alone with a high accuracy of 90% and therefore, if available, should be used in the staging process of NSCLC (7). Only a negative CT and negative FDG-PET or PET-CT may obviate the need for mediastinoscopy or minimally invasive techniques prior to surgery.
Minimally invasive techniques comprise promising staging modalities. Unfortunately, high false negative rates have been reported (8, 9) . Cerfolio et al. recently published the results of a retrospective review of 234 patients with NSCLC who were staged by endobronchial or oesophageal ultrasound (EBUS or EUS) for suspected N2 disease on CT or PET-CT. A mediastinoscopy was performed when EBUS/EUS was negative. NPV for detecting N2 disease of EBUS, EUS and mediastinoscopy was 79%, 80% and 93% respectively. EBUS was found to be falsely negative in 28% and EUS in 22% (8) . In a single institution, retrospective study by Defranchi et al., 494 patients, suspected of lung cancer, underwent EBUS. A negative result was followed by mediastinoscopy. 28% of patients with suspicious mediastinal lymph nodes had N2 disease confirmed by mediastinoscopy despite negative EBUS (9) . In this way, negative EBUS/EUS in patients with suspicious mediastinal nodal disease should be confirmed by mediastinoscopy.
The role of surgical mediastinal staging and restaging is a matter of judgement and correct interpretation of staging results. No test, non-invasive, minimally invasive or invasive, can expect to yield perfect results. In that way, it becomes a question of how much certainty one is willing to accept. The decision is influenced by the risk and morbidity of the procedures involved. Mediastinoscopy is associated with low morbidity (2%) and low mortality (0.08%) but is an invasive procedure (10). Right and left high and low paratracheal nodes (stations 2R, 2L, 4R, 4L) and anterior subcarinal nodes (station 7) are accessible via this approach. The reported PPV and NPV as staging procedure in NSCLC are 100% and 91%, respectively (6) .
Addition of endoscopic ultrasound with fine needle aspiration to mediastinoscopy has produced some excellent results with a reported increase of sensitivity in detection of mediastinal nodal disease to 93% (11) . In the ASTER trial by Annema et al., 241 patients with resectable (suspected) NSCLC, in whom mediastinal In Figure 1 , a general flow chart, concerning mediastinal staging in NSCLC is provided.
Restaging NSCLC
Most patients with pathologically proven N2 disease detected during preoperative work-up will be treated by induction therapy. With induction or neoadjuvant therapy a downstaging of locally advanced tumors is aimed at, together with an eradication of systemic micrometastases.
For locally advanced NSCLC, the major question remains whether a better local control and survival are obtained by induction therapy followed by surgery compared to standard chemoradiotherapy. Concerning N2 patients, studies confirm that mainly patients with initial stage IIIA or IIIB and mediastinal downstaging will benefit from surgical resection.
The mediastinum can be principally restaged by the same techniques as applied in primary staging. At the present time, neither CT, PET or PET-CT are accurate enough to make final further therapeutic decisions based on their results.
The accuracy of CT decreases in restaging after induction therapy to 58%. PET scanning is more accurate than CT for mediastinal restaging with reported PPV to detect persisting nodal disease of 73% but less than 20% for residual N2 disease (12) . The use of PET-CT fusion images significantly increases the accuracy through better localization of focal FDG update in mediastinal nodes. PPV varies between 75-93%. However, 20% false negative and 25% false positive cases have been reported (13) . In case of suspicion of residual mediastinal disease, nodal biopsies are still required.
Minimally invasive techniques such as EBUS and EUS comprise promising restaging modalities. However, false negative rates are at least 20-30% (14) (15) (16) . Therefore, negative findings should still be confirmed by surgical restaging. Rapid on-site cytopathologic evaluation (ROSE) may facilitate the decision of whether to proceed to a second procedure in the same session.
Repeat mediastinoscopy, although technically more difficult than the first procedure, offers the advantage of providing pathological proof of response after induction therapy. The accuracy of this procedure lies between 81-93% (17, 18) . Nowadays, restaging is the most frequent indication for reMS but it can also safely be performed for other indications (19) . In contrast to imaging or functional studies, reMS offers the advantage of providing a definite diagnosis of varying thoracic diseases involving the mediastinal lymph nodes, but also giving pathological evidence of response after induction therapy.
Following the ESTS guidelines for restaging after induction treatment for NSCLC, neither CT, PET or PET-CT are presently accurate enough to make final further therapeutic decisions based on their results. An invasive technique providing cyto-histological information is recommended. For restaging, endoscopic techniques or surgical invasive techniques can be In our series, patients with true positive reMS had a MST of 14 months, in contrast to 28 months in those with true negative reMS. This difference was highly significant (p=0.001). We also reported a MST for false negative reMS of 24 months, which is 10 months longer than for those with positive reMS (20) . This may indicate that, although micrometastases were found at thoracotomy, surgery may prolong survival when a complete resection can be obtained, probably by slowing down the disease progression. In the combined group of false negative and true negative results, the MST was 27 months and the difference from the positive results remained highly significant (p=0.001). In a multivariate analysis, only nodal status was confirmed to be a significant independent prognostic factor for survival. Several studies documented a survival benefit in downstaged patients when a pneumonectomy can be avoided, as the latter intervention carries a much higher mortality and morbidity rate than lobectomy, especially after induction chemoradiotherapy. Those with persistent N2 disease after induction treatment will be given radiotherapy (11) .
The reason for false negative rates has to be determined. Conventional histological sections may not be sufficiently sensitive to detect small numbers of tumor cells in regional LNs. Several studies have suggested that micrometastatic disease may be efficiently detected by immunohistochemistry (IHC). Implementation of IHC in the staging and restaging of NSCLC has yet to be investigated (21, 22) .
Research has been performed regarding genetic mutations in NSCLC (23) (24) (25) . Epidermal growth factor receptor (EGFR) mutations and the transforming fusion gene EML4-ALK (echinoderm microtubule-associated protein-like 4 gene and anaplastic lymphoma kinase gene) may be expressed in lung adenocarcinomas.
These can be detected by IHC and are potential targets for selective kinase inhibitors targeting EGFR (gefitinib and erlotinib) and ALK (crizotinib) (26, 27) . So, in specific patients newly diagnosed with adenocarcinoma, screening for EGFR mutations and EML4-ALK fusion is indicated.
Tissue remains the issue, concerning staging and certainly restaging in NSCLC. In fact, pathologic proof of downstaging is essential to select those patients who are eligible for lung surgery. Endoscopic or surgical invasive procedures may be utilized, the precise choice depending on the availability of the technique and expertise of the center. Remediastinoscopy provides us with pathological proof of response after induction therapy. In that way, it determines further treatment options and especially survival. For thoracic surgeons having no experience with reMS, an alternative approach consists of the initial use of minimally invasive staging procedures such as endobronchial or esophageal ultrasound (EBUS or EUS) to obtain a cytological proof of mediastinal nodal involvement. After induction therapy, patients are subsequently restaged by mediastinoscopy. In this way, a technically more demanding remediastinoscopy can be avoided. This approach was also found to be the most accurate in a recent review by De Cabanyes Candela et al. (28) . The reliability of restaging tests after induction treatment for stage III-N2 lung cancer was reviewed and compared with pathologic findings at surgery. False negative (FN) and false positive (FP) rates for CT and PET were 33/33% and 25/33% respectively. FN rate of invasive restaging by reMS, EUS and primary mediastinoscopy were 22%, 14% and 9% respectively (28) .
Also, staging and restaging has to be conducted by experienced clinicians. In that way, the opportunity for errors should be kept as minimal as possible. So, training in effective staging is essential.
In Figure 2 , a general flow chart concerning mediastinal restaging after induction treatment for NSCLC is provided. Minimally invasive techniques need to be developed further. At present they are especially useful for primary staging. Mediastinoscopy and reMS provide the largest tissue samples. Although reMS is technically difficult, it remains of utmost importance as part of the restaging process.
